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foronto, Ontaric, 


Angust 30th, 1923. 


Hydre-Slectric Inquiry Commission, 
¥. D Gregory, Saq., Chairman, 
TO ROUT 6, Ontario. 


My, Chairmen and Gentlemen: 

in complying with your instructions, it wives me 
pleasure to foreard herewith to your Secretary, Mr. J» Hs Ww. Bower, the 
engineering data in recaraeo, ie hufehot¥i-cnippere Power Development of 
the Hyiro-Rlectric Power Commission of Ontario, being the whole series of 
chapters which we have submitted to you from time to time during the course of 
preparation. 

The economics of the Niagara System, of which the (neenston-Chippawa Power 
Development forma a pert, is dealt with in two separate volumes under the 
titless "Study of Niagara System, Part 1, being for period ending October 
Bist, 1921" and “Study of Niagara Systea, Part Il, being for period commencing 
November 1st, 1921", the former of which is dated June 18th, 1925, and the 
latter June 23rd, 1923. 


I trust that the whole may be found in order. 


Yours very truly, 


nl 


wae/s Consulting Sngineer. 
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Chapter A. 
' Walter Jd. Pramis 


-» She information embraced under the general title oe “Enginecring Data* 
in regard tc the Cusenston-Chippewa Power Development of the Fydro-Hlectric - 
Power Comuission of Ontario has beou prepared under ths direction 6f the 
writer in compliance with the instrustions of the Fydre-Eleetric Inquiry 


Commission. the Sagine. golely to matters of enginser- 


ing, and do not inglude questi of polley mor the relations of the Hydre- 
cuieniaaiend sie tang! ge mene with me pine sgyprsi of the TROTENA mec gmc: 
wl dealt with in this study omly ta regard to ostinates and costs. the 

preparation of the data was 0 comrenced tn Apri, 1922, and has provesded ae 
uninternuptediy watt the present tine in eonjunstion with the studies of aye 


the worELage of the Hyare-Elestric Jowew Cemniselan. 

ae snfonertson has Neem, ep submitted to the Rydre~fisstrice Inquiry 
Comission at intervals as  weemeneds following the decision reached at the 
comencencnt of the york. opie wenn finished document were submitted the 
requisite ar os pe flee facsimile working piocosee-ss ae the original for 


the use and study of the Hydro-Risetrie tnguiry ComLesion, tegether with @ 


similer sopy, for the Chief Bugincer of the Hydro inestrie Power Courmisei on. 


fhe submissions were meade in the sessions of the Hyéro-Hleatric Inquiry 
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Commiesion at-which the reports were read and discussed. 


The fects. have ‘veon obhasnad by reference to the records of the Hydre- 
Electric fewer Toalesion, by eonferences with the cieineeee and the officers 
of the flyare-Eiast¥le Power Commission, by personal examination of the works, 
and by tests in ‘the field and in the laboratories, and it is a pleasure to 
refer to the Geoviowaa, ae-aparatian ‘of the "Byaro-Eleetric } Pewee Commission in 
our wae” “wptie oe has been apiantia co-operation om sli sides, the assist- 
anse rendered. by ag Gaby, w ir. ‘heres, He, Herse.anA Mr. Montague, by Mr. 


Hoge, by tr Blanchard, by ir. Bradley, wy ure Dobson and Hr, Young, and by 


Pierdon I be spec oy. 9 ion - vr | Fagen ring Se wea engineers and 
officers of the ity Mise ; Compbeedetieeic. 


es 1922, the writer made a memorandum for Mr. Busfield outlining 
@ plan for the sroneration: of. ees beni epriaaed eneny received the 
approval of the Hydro-Hlestrle ‘Sequiry Gaudasien, this memo pondum was adopted 


as a general. guide for. the Preparation of the data. The plan outiined therein 
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( o¢Maghinery, methods and direction of 211 plant used by force — 
secount, subdivided according to the basic elements of the 

\ development as set forth in the headings under “General Tes- 
eription*, together with capacity and daily, minimum, maxi- 


wam and average output of the more important machines. 


(4-3) 


. et ' ! ' 7 hey 
ae fs: ie [ie Re f of HRS, Be i iF oy uy ere . a 
ens 


aS Fog) Ty Why deve i Me > 3 ey eh a ee 


Ri i fom we tear ed wie me Ree 
-soemqosore te essene se ewolsa te asd ohh 
i g Pgh 5 PCO: ae, Rah Ree Sarees aks: i: Bes pe METRE ‘wits 
Ne eR iste i Sel ae eo bee ter RARE RS ee: 
PB a tebe Reet 
gronabiees | 4 Ae 
= at tat) eh: Saitate eed etenet)) ag taht Seri oyleciep 
odaais ostvess? phe 
F 3 eae mt Wie. 
‘es. Ay as 
Baovene ete. moe 
7 ‘= 


. re 
ot ek 


A sie ates Pi 


ee ae es 


Watter J. Francis & COMPANY. 


COPY FOR ENCLOSURE TO MR,: J. ALLAN ROSS. 
(An4), 


.. Maentities.of work done of every classification, subdivided _ 
according to the basic elements of the development as set 

_ «forth in the headings under "General Deecription", together .. 
with capacity and daily, minimum, maximum and pits is ‘out- 
- put of the more important machines. we 9 | 


»» Segts: . ‘i i o ’ 3 LRee TS ¢ ty F, eet 


fetal cost of the work, completely defined. Cost of work . 

done of every classification, subdivided according to the 
«basic elements of the development as set forth in the head- 

ings under “General Description”. 

Unit costs of work done of every classification. 


“speed of Soaxkiteshens: 

Exigencies.of Period of Construction, 
Labor market and pear 
War pricess).. oo ftinn 1 weed 
Market gencrally. 


Unit Costs, 
Phe Outlook. 

.-In.parguing.our studies some minor departures were made frow the memorandum, 
but it has been followed in the main, as willbe seen by reference to the — 
General ludex. A supplementary volume entitied “Chronological Charts", being a 
yearly diagrammatic record of the principal events and features of construction 
arranged actording to the several elements of the development im chronological 
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order by months, was found of considerable value in our studies, and was sub- 
sequently adopted for inclusion with the Tata. The subject of the economics 

of the Meenston-—Chiprawa Power Developmont {a dealt with separately under the 
general title "Economies of the Fydro-Zlectric Power Commission Mastribation 
Systems - Study of Magara System", being a aomprohonsive study of the economics 
of the Magara System more partiqularly in regard to generation, trenemission 


and market. 


In connection with the financial data, we have by instructions co-operated 
with Messrs. Price, Waterhouse & Co., represented by ir. UcClelland, Mr. Bontiiron 
and ifr. Landis, and wi th law 6 iy. Brown of their staff, the assistance 


and hearty co-operation of all of whom have been much appreciated. 


The interna arrangement of our — work was modified from time to time 
as the demands arose. ity. Busfield was kn charge of the office work until 
September, 1922. Later the drafting was directed in turn by Mr. Hirsch and by 
Mr. Adame, with Mr.’ Agneon: giving his special attention to the photography and 
document making. — Me soare vem charge of the seoretaricl and the typo- 
graphical’ were in Septenbors 19224 ‘ ‘the prelininary cost studies were carried 
on by -r. Wilger, and were peel by ir. Wilaon. The railwaye studies were 
made by Mr. Hirsch, followed by ur. Avbott who ntebens took up the study of the 
bridges al 80- Mr. =“ car-ted on. the hydraulic ninadien. The concluding 
studies in regard to nydraniios and expenditure were made by Mr. Brown on the 
completion of his detail work om the economics of the several distribution 


systems of the Nydro-Blectric Power Cormission. The time of Mr. Billson, 
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Mr. MDonald and Mrs Williams was ave em to tse The eriter's undivide: 
attention has been devoted to the eollestion, somordination, Senpeaatsea, study 
and preparation of the Bats, ‘fros the: Doginning, and he desires to acknowledge 
the pal sh taking ability, heb: eutinislagtto interest and the loyalty of every 
member of our. staff. wo a matter of wenyre — Lenin ange standing of tke 
staff engineers engared on the preparation of the Inglnoering Tate of the 
‘eons ton-Chi paws Power Developuent is here given. 

Capte: Me. Me: ‘Abbott, BGey (MeGAE Webetiehie ls 


Associate Member, The “nzincering Institute of Caneda. 
yall Stems: years’ experience in electrical work and es astruc tion. 


iia jor We De ‘Adame; MC ay Acaeeate, ‘Royal Military College, 
Associate Mesbeyry Frys institute of Canada, . 
Member, Ascocia ass onal Engineers of the 
Frovinee of Ontario. 
Bightecn years’ experience in design and construction. 


Asgociate Kember, The cngineering Institute of Canada, 
Eighteen years’ experience in machine design and oe. 


George E. Blilgsen, . . 
Eleven: — experience in construc tion and drafting. 


Prederick Be Teena! ‘BaSeus BeSecs wah Miadues (6112. Wai weratents 
Life Member, The Snginecering Institute of Canada, 
Member, American Institute of Electrical Engineers, 
Member, American Society of BZechanical Saginsers. — 
Sustipesoor yeara’ experiemse largely in hydro-electric work and 
in enginecrigg economics. 


de a ‘Busfield, B.Se. with Shareetcthor (iewaon; | ‘England, University), 
AOsG.I., (Central Technical College, London, Pugiand), 
‘Member; The Bagineering Institute of Canada, 
Associate Mewber, Institution of Civil Engineers, Great %ritain. 
Fifteen years’ experience in railroad construction, tunnel work, 
Government investigations and consulting work. 
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“Be. Go1.” Douglas’ S."E11is, "D.8.0.,) was, (eens thiversity), 
_ B.S. (| een'’s Universit dee 


igeiens and in e9—opers 


h GOWOPSP SOAS 3 SEY (Cornet) Thiwsear yy, ToooPee, 
cited iad _, Associate Member, The Engineering Institute of ERG 
meee’ ©°°""'nesociate Professor of Civil Envineering (Hydraulics) at 


Meents U vorsity, Kingston. 
“Pivteen years’ experience in hyéraulie work and Bikneice 


” “Garter = sm Francis, ee. {University of foroute), 
Honor Graduate School of Practical Selence, 1895, 
“Life Meabey, The Sumineering Institute of Canada, 
_ Member, American Society of Civil Engineers, 
~~ Wiember, Institution of (ivil Engineers, Great Britain, 
Charter Member, Amcrican Institute of Consulting Emcineers, Inc. 
Thirty-three years’ engineering experience. 


Lynn I. Hirsch, 
Associate Member, The “‘nrincering Institute of Canada, 
Hember,, American Association of Engineers. 


” Bwenty-one ‘years’ ¢ 1 sete cy Pp Sie and construction engineering, 


C. EK. McDonald, 
Sixteen years’ experience in censtrection and drafting. 


ae B. Waicot, DeLeSes 
Associate Sember, The Snzgineering Imstitute of Canada, 
Twelve years’ experience in construction and report work. 


Lt. Col. We P. Yiilgar, DeSe9e, B.So. {( ‘asen's University}, 
Member, The Engineering Institute of Canada, 
Prefessor of Civil Engineering at Sueen's University, Kingston. 
Twentyetwo years’ experience in railway and minicsipai engineering. 


S. EK. Williams, 
Seventeen years’ experience in mechanical work, map making and 
drafting. 


W. S. Wilson, B.Se., {McGill University), 
Associate Member, The Engineering Institute of Canada, 
Member, Association of Professional Engineers of the 
Province of Ontario. 
Nineteen years’ experience in construction and maintenance. 


We desire to express our arpreciation of the unfailing attention, assist- 


ance and courtesy of Sr. Jd. E. YW. Bower, Secretary of the Hydroelectric Inquiry 
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Comaission, in co-relating our work with that of the Hydro-Zlectrie Inquiry 
Commission and in co-operating in our routine and business records, which 
added greatiy to its expeditious completion. 

Throughout our investigations we have received the interested support 
of the Chairman and the cther members cf the Hydro-#lectrisc Inquiry Sommission, 
completing the ecrdial relations which have existed during the whole progress 


of an arducus but most interesting study. 


Toronto, August 22nd, 1923. 
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Chapter B. 


, HISTORY < 
a Walter J. Francis 


> (‘Bor @ mumber of years, and prior to any detail investigation of the... 
project which is now known as the Cueenston-Chippara Power Development, the. 
" cengineers of the Hydro-Zlectric Power Commission of Ontario appreciated the 


ultimate necessity of utilizing al1 the water available from Niagara Pails 


in the most efficient way. "ty p" rmissible amount of water. divert- 
able from the a, eitig limitéd in quantity, the engineers con- 


jsidered it.essential that this water should be converted into electrical 
venergy under, the. greatest head.possible, In the past. the plants developing 
electrical 


er.et Niegera were using only the head available immediately at 

_ the. Falls, whereas. between lake Erie and Lake Ontario there is a difference 

gine lpzasjon.of,ebant,tuioe that amounts. The problem. resolved. tree)* inh... 

_ the determination of the best plan to take advantage of this greater head. 
4s early as, the year 1900 6 number of independent engineers had conceived 

eyardopa prade ts, Sox sqgadening. the, water, trom Niagara, Yall? omite wee we 

proportion, of the totel head between Lake Erie and Lake Ontario then had 

_ hitherto been considered. Some of these projects proposed bringing the water 

from, Jake, Bria, ognass, the Aiagers Pouinzala by means of the ox) eting wee 


ways and artificial canals at a location some miles west of the Niagara River, 
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with « power house located in the vicinity of the Villiage of dordan. These 
projects were varionsly known as the Jorisn-Brie project ami the Urle-Onterio 
ant dloser 


projeot. Still other projects were baged upon a form of 4 

By the year 1913 the engineors of the 
decided that the time had errived when definite steps would have to bo taxon 
‘%e provide o larger suppiy of power for the Niagara Systeme It was therefore 
decided to give more attention te the study of the relative merits of the 
Aifforent methods of developing wider the maximum possible head the available 
flow that might be withdrarp~rorWiomers felis. To this end a recomaiames 
survey for tho Queenston-Chippewa Power bevelogment was started on May 4th, 
3914, ond during the same month level and transit perties were also placed in 
the field. Thin survey was carried out during the yoor 1914, the mginoors 
occupying a temporary office at Niagara Yelle. arly im 1016 the temporary 
office wen closed and the staff taken to Toronto. fhe preparation of a come 
plote topographicel plen was then commenced. This plan was completed on March 
ist, 1915. 

Coincident with thie work, a survey of the sugroeted “Jordan-trie” method 
of development wes sleo widertaken in order that a proper somparison might be 
male bekween the various projects. The “Jordam-arie” survey wea completed on 
Ootober Tth, 1914. 

: pews Power Uenal, @ core drill 
commenced working on Ostober 26th, 1914, end rede borings continuously until 


lro~iestele Power Commlasion 
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Soytouber 18th, 1915. 

With the aid of the deta - obtained, sketches of preliminary desigus 
wore propared for a development of 100,000 horsepowor, und in Juno, 1915, an 
estimate of soat, known aa Hatinate Noe 1, wae submitted to the Comission. 
the ongineers of the Hyiro i eotric Power Comission state that this estimte 
was slways of & preliminary nature sui wae propared solely ae a fnatifioation 
for the oont tmanse of the surveyae 

- Addttional survey work was therenpe 
flold work was re-comeneod with particular weferanee to the detalles of cross 
sections snd topography's 

The first Act of the Ontario Legislature empowering the RydrosSleetric 
Power Coumiasion to prosoed with the construction of the yuesiston-Chippaca 

x Development was assented to om April 27th, 1916, snd was entitled "The 
Onterio Magara Development Act” (6 Geos¥s Ghape20). A second Act, oularging 
upon the first, and entitled "The Ontario Hisgera Develoyment Act 1917" 

(7 Geos. Chepe2i) ws essented to on April lith, 193% 

| During the year 1916 the surveys and detail studies for designs vere 
carried on continuously with the roquisite field and office staff. In the 
sumer of the same yoor woll~irilling was carried on for the yerpose of supple~ 
menting the core drill records and of obtaining exet information regarding the 
stratifiostion and nature of the underlying rod ere ky oe the comel amd power 
houao Locations In the fall of 1926 the field parties devoted their tine to 

As a remit of th stulies made during the your 1916, omiers were placed 
for largo quantity of eonstraction equipment, most of which was delivered 


h approved, and on deme Listy 1915, 
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daring the latter part of 1917. 
the first excavation was commenced with No. 7 steam shovel in May of 

1917, at Rowwn's Gully, opposite the whirlpool. On June lst, 1927, the ssc- 
ond steam shovel (No. 5} was put to work for the construction of the railruad 
yards. On September 29th, 1917, the clearing of the powor house site ws 
 gterted. On Novaiber 17th, « third steam shovel (Mo. 6) commenced the con 
~ struetion railroad ext, and on Recember 15th, the firat electric shovel (Ho. 3) 
“‘pogan om the mein qumal exexvattions 

Om December 26th, ee ee ee te 

Ur. He Ge Acres, Hydrenlic Ingineer of the Hyire-wh: 
“eovering the various sie Raritan for the development, together 
“ with detailed descriptions of the proposed construction equipment end orgene 
~ Seetion. With this report thers was also srbadtted Estimate Noe 2 for 300,000 

mr installed capacity. 

On February 1st, 1917, a report was made on the hyireniie characteristios 
of the rouk section of the power canal by Br. Rs D. Johnson, hytrenlic om 
gineer, of New York. This report was followed by & second one, dated April, 
1917, by the sume anthor, dealing with comparstive waterways for the develep- 

ent of 900,000 horsepowers 
During the year 1918 additional construction equipment wes placed in oom 
iission, end the work became well wider way throughout the whole of the waler~ 
taking, including the river, the canel and the whirlpool sections, and the 
During the latter part of 1917 and early in 1916, on aceount of war con 
ditions, powes supply was considered of vital necessity; and in Kay of 1918, 
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at the suggestion of the Powor Controller of the United states, oon 
held betwoen officers of the Myiro-Ylectrie Power Commission and the Yower Con= 
troller of the United States to consider the possibility ob bonpdintna the Qneen- 
stonChippars Power Devoloysent within s your from that date. In July of 1918 
improved conditions at the Front lei to the abandoment of the sugested attempt 
to rush the work to completion st any cost. Consequently, dar dey: the years 1918 
and 1919, the work progressed comparatively slowly, largely on acoowmt of the 
shortage of Isbor; and it fe stated to have been ford almost impossible to obe 
tain anything like the requisite mnber of men to carry out the work efficiently. 
During the sumer of 1918 special attention was siven te the studies for 
the inteke design. eee es cones ae doeteld te tas ne in the 
Dufferin Ielend Cheme exporineants made to determine the best 
type of intake. The experiments carried out éwring 1918 were not entirely cone 
elusive, ant a secomi serlea of experiments was made during the evemer of the 
year 1919. Independent advioe was also obtained from Mrs Re De Jommsaon who made 
two reports thereon, one on Jommary Slst, 1919, ond a second on March Ist, 1920. 
the excnvation of rock on the cliff over the power house site was comanced 
| om April lgth, 1919. During April, Mag ond dwe of the same year three addition 
#1 electric shovels wore put to work in the canal ont. On Axguet 26th the first 
concrete was placed for the canal lining at the “transition betwom the vhirl~ 
pool end rock sections. 
bs eley 6654008) idlciit G6 UUS'GUil tonne sivas eremmdio cae ean. 
enced tor a ratiwuy along the base of the cliff lesding from Gueenston to 
‘the site of the building, in duly, 1919, md five months later a steom shovel 
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 Daxing the early part of 1920 work wes contimed under very msatisfoo~ 
tory Lobor conditions which in Mey, 1920, culminated in a etriso of all lsbor 
fowses, with the exception of the train ma. A parliamentary commission, 
ghoimemahin of Ive Tiger Vatoon, MePiPs, wae appointed by the 
on liny 19, 1920.  Atter due inquiry, this Con- 
oremox on dune 4, 1920, Zhe atrike re 
mained in effect until duly, 1920, ond on attempt ws then made to mike up 


wing the later months 


Places At the sereen house the first concrete plant commenced 

yaary 2lst, 1921. & in the earth seation from March to 
September, 1921, and in the camel section tho excavatior 

November, 1921, 


aring the your 1920 a mmber of reports wore obtained from consulting 
encineers on various phases of the development. ‘These were as follows te 
Juno Ist, 1920, General Report by Re Ds Johnson, 


iugast Tth, 1920, Preliminary Reyort by Hugh Te 
Cooper & ¢ DY» with Eetimate of Cost, 


Leo Stuart and He 3+ Kerbengh, 


i by Peoneis 


Ostober 22m, 1920, Mmunl Report ty tugh ly 
Cooper & Cempaxty, 


October 26th, 1920, Neport on Mower Comm) by Ne Se leds 
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ory reports wore obtadne 
with the exmmeption of a Progre 
Sth, 1921, 
water waa firet turmed tuto the comm] at 4625 osm om December 2ith. ‘The 
official opening of the plent tosis place on Dooomber 20th, 1921, ot which 
momy the Noel main genernting unit wie first mit into commlacions 
The Moet generating wait was being Installed at the samo time op Nos 1 
unit, and wg first tried out ty the qontragtors in April, 1922, Imt some days 
latex, while still in the hamis of the contractors, a minor defect developed 
in a detail of the vont ak ine(odhsfront onc the meghine was closed dom for 
repaive trom the middle of April, 1922, witil lete im Iny, 1 
wos finally placed in commission along with Unit So.l1 on Jume lst, 1922, 
The condition of the work at the present date, dune Sth, 1922, my be 
priegiy ommorised os follows 
nin exowration completed; contrast 1ét sor ooeret 
i River: Useorat ion prestLonliy complete for five mits, axsoyt 
aging contract let for completion of wort, 


from genrmalting engineers during 1921 
ac Report by Prancis Lee Stuart, dated Decexior 


ampli Prectionlly completed with the exeeption of trivwsing and dressing 
the barks, and some rock f111 on the sides, In the garth seotion, some ad- 
ditional exoavation work ia reqaired, and the dredging contract for this has 
been lets 


completed, with the exertion of 2 oul) amomet of rodr 7121 
at the back of the retaining walls, and some grading for the spillway. 
uee: In progress of completion for five unite; sub-stracture 
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complete for nine units. 

The Power House: Units Nos. 1 and 2 complete end in cperation; Unit No. 3, 

the electric generator is being installed; Unit Ho. 4, the turbine is being 

installed; Unit Ho. 5, the foundations are being prepared for the installa- 

tion of the turbine; Unit Noe 6, some excavation has been done for the pen-~ 

stock; Units Fos. 7, 8 and 9, some clearing and a small amount of excavation 
has been done. 

The Power House building and the electrical equipment is in progress 
and in various degrees of comple tion corresponding to the installation of 
the units. ete 
Bridges: The railroad vrides €): @3) Ps fray bridge at Chippawa are com- 
pleted, while the remaining highway ‘bridges are under various stages of con- 


sideration. 


eral Zork: The work is generally progressing towards completion, with the 


retention of such construction forces and commissariat as necessary, while at 


the same time salvage work is being carried on with particular reference to 
such scrap material as pipes and fittings, rails and fastenings, timber and 


mechanical equipment. 


Consulting g Bngineer. 


forento, July 13th, 1922. 
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Walter J. Francis 


. During the period of design and, Jater, during that of construction the 
ed lees ote ae Power Commission obtained the advice of a number of consulting 
"gnatnsers of Canada and of the United : States on various phases of. the develop- 


mente The following table gives a complete dist of the nnd a in the 


chronological order of “corr ¥ 
eg Abie Re sore bs OR nega | ee ‘ t : > Advi sor" eDpo 5 2 


Date Subject Authors 

February 1, 1917. "Hydraulic characteristics of rock 
Midiieains ana Ria section of power camel". |... Re D. Johnson. 

April, 1917. "Report on comparative waterways 

“ . for development of 900,000 | 

. horsepower, Re D, Johnson. _ 

September 19, 1927, “Probable cost of rock and earth 
‘i ‘ana excavation, with letters from 


September 24, 1917. Huch Le Cooper and Compeny, 
ala PF. McGovern and Company, and 
The Hapid Transit Subway Con- 
,. traction Company”. ... _..,.,, Ae Ce Douglass. 


July 30, 1918. "Study of (1) Canal Bends, (2) Ice 
Skimmer and (3) Canal Losses". RK. D. Johnson. 
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September 30, 1920. 
October 16, 1920. 
October 22, 1920. 


October 26, 1920. 


Dacoubar id, 1921, 


hippews Develoygment" » 


*Roport on Kigvation of Ghipvews 
Pool" » 


"Final Report" > 


er om Power vatint of han ua 


Dates Subjeat. AMthOVS 0 
 Jemary Si, 1919. "Stuy of Intuke for 18,000 Oubie 
| Poet per Second*. Re De Johnson. 
March 1, 1920. "Design of Intake for 15,000 Gubic 
’ ue Poot per Jecond”. Re Ds. Johngon. 
dune 1, 1920. “Heport on Guaenston-Uhippaws De- 
velopment". Re Ds. Johnsorne 
August 7, 1920 *Report on Chippawe Hydro-Hlestric 
ct gh (Letter of Trans- Huch Le Cooper 
Het imates) & Companys 


Preancis Le Stuart 

amd Hs G. Rerbangh. 

Ve Ae Behoelikop?. 
mh lie Cooper 

& Corpanys 

Re Se Le@Qe 


Frencis Le Stuart 
ond He 8. Kerbangh. 


These reports have sli been carefuliy studied end analyzed, and the 


following pages contain & summary and digest of each roporte 
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4& Yeport dated February ist, 1917, signed by Re De dJohnuon, of Re Do 
Johnson and 2. Wahlmen, hydraviic engineers, of New York, woo addressed to 
Prederick A» Gaby, Chief ingineer of the Hydro-Hle 

| Mr. Johneon was born in Buffalo, MeXe, in 1974, ond graduated in 

Mechanical ungineoring from Buffalo University im 1695, since which date 
practically his entire time has been devoted to probleme connected with the 
development of water pong O Pp Y 

He commenced his engineering activities at Niagare Velis in sommecticon 
with various power installations, following which he became Residant En- 
gineer in charge of the design and construction of the first plant built by 
the Shawinigan Weter 4 Power Gomeny, st Shawinigan Falls, Quebce., dm the 
completion of this work he was scomected with the construction of the Municie 
pal Water Power Development at Wimipeg. Mrs Johnson then acocpted the posie 
tion of Designing Ingineer with the Onterlo Power Comprny, at Viagera valle, 
and later became Hydraulic Ynginocr. Ke remained with the Ontario Power Gom- 
pony wutil 1914, with the exception of the period from 1902 to 1905, when he 
ocoupied ths position of Desteming Magineor for the Mew Yorx vtate Water 
Supply Commissions 

My. dohuson left the Ontario Powor Company to tuke up private practice 
in New York, as a consulting hydraulic engineer, and in this capacity carried 
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Hydro-Slectric Power Commission of Ontarto. Hin namo ia kmown thronghot 
‘@nginesring world as the dventor of the Jotmson Valve ant of the Differential 
“ Sunge Tanke 

"He Ss @ member of the American Society of Mechanics) ang 
he report states that it was made im secoriance with verbal instructions 
given by lir. Gaby on October Sn, 2916, te take méer consideration the noth- 

‘ods adopted by the assistant ongineers of the Hytre-Glectric Power Cormission 

to determine the economical dimensions of the proposed power canal to carry 
: sige oubie Soh per wnat OF wake from the Chippewa River te s point above 


nL al ee Gf). P. ié two pages of typewriting, socom 


panied by forty-seven mmbered diagrams, entitled "Economy Studies, Rook 
Canal 57,000 Poet Long”. It is divided into the folloring main hendings:~ 
wy Questions Affecting Beonowlcel Dimensions, | 
Some Brosder Smet eeres tine Affecting & Gholee of 
| Cross~Jeations 


Goefticients of Fricticn, 


Eitect of Yoriation in water Lereia pA the Rata yo tae ua! 
Studies, 


Hathet of Determining the Composite Soonomical Cuts 
fow the fwo Sections, (Earth and m1 


Generel Desoription of the Course of Stuy 


Loading 
to  Recomendetion of Dimensions to be Adopted 
for the Rock Section of Canal, 


Swe » 
a al sali 
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sn pursuing his studies the author states thet his salovlations have 
deen dased on a unit price of $1.25 yer oxbic yard for rock exnsvation, which 
he Later redueed to (1.00, while for earth excavation no used 30 omts per tm 
bic yard. A comal flow of 6,580 cubic fest per second was used as o basis for 
‘he stuliod. 
he euthow Aisousses the theory that 4f the tuor 
tion would provide additional power output at the plant, the necessary addition 
el exeavation might be warronted, notwithstanding the fact that the capital 
cost of gush additional power might be greater per mit than the average sop~ 
TUE ook pie Wald Of Whe whole Koveiarnets He does not, howover, mike o 
definite recommendation in he: 

Continuing, the author deale with the hydraulic characteristics of var- 
iovs conal sections, snd recommends thet instead of weing a proportion of 
width to depth of 2 to 1, ae already selected by the ougineors of the Rydro- 
Blectric Power Comission, the proportions be wale 1 to 2; that is, the width 
of the canal. equal to the depth, Im addition, he states that in his jndguent, 
following seggestions received from the manufacturers of excavating mchinery, 
the minieem width of the comal should be 40 foot. 

im referring to the level of the water of the "Ghippawa pool", (the 
upper level of the development), Mr. Johnson oxpresses the view that elevation 
588 should be adopted for calevlation purposes rather than 560.5 aa used by 
the engineers of the Hydro-Zlestric Fower Comaission.s 

the author mde a careful study of the oesible uastable conditions of 
the water surface im the canal due to sudden changes of load at the power 
houses He arrived at the conclusion that the sudden closing dom of the 


aging of the canal sec~ 
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turbines would result in a temporary rise of the water level in the forebay 
et the lower end of the canal of about 3 feet above the existing river level, 
aud he recommenda provision for a rise of 6 feot above the maximum ievel of 
the "Chippaw pool". 
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A report dated April 18th, 1917, signed by Ke De Johnson, of Be De 
Johmsen and P. Wahimen, hydraulic engineers, of New York, was sidrossed 


to Frederick A. Gaby, Chief tingineer of the Hydro«lectric Power Com 
missions Zoranto. | 

iy. Johuson’s engineering qualifications have alresdy been given on 
pages UG and Ged, 

Phe original Rv gM DS £ a pages of typeeriting, together 
with fow? pages of extinates and eleven shoots of sketches showing the 
types of construction upon which the estimates have been based. 

the report was made im accordance with verbal instructions from Br. 
Gaby given on February 2lst, 1917, supplemented by a letter wider date of 
Maxgh 6th, 1917, ae follows:- 


(Letterhead of Hydro-iilectric Power Commission) 


TORONTO, March 8th, 1917. 
HoGehe 


Re De Johnson, ames 
Consulting 2 


Dear Girs 


"Pursuant to ig A pny aig » amd in response to 
your letter of february 27th, I om setting forth herewder a 
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sumery of requirements of the general report you have been adk~ 
ed to make in comection with the proposed Niagara Development 
SOHAID 


“he primary requirement is the preparation of comparative 
estimates covering the cost of developing and delivering to the 
low tension switchbeard quantities of power from 300,000 to 
$00,000 horsepower, by the wee of a twmel or tumels, and by the 
use of a canal, giving due consideration to the value of any differ 
enee in head loss, and giving proper weight to the data upon which 
the respective estimates are based 


“As bearing upon the relative merits of the camel and tunnel 
s¢heme of develojment, we would also ask you to discuss the follow. 


ing propositions:= 


{1} "Shick of the two possible schemes of develop 
ment would ensure the more economicnl and effective de~ 
~— t of the 800,000 horsepower now considered avail~ 

48 


(3) "Would the comparative economics of the two 
schemes of development be waterially affected by the three 
foot ineresase in the mininwa level of the Chi 
Island Pool which would result from the construction of 
the regulating welr proposed by the International Water- 
ways Commission? 


{4} “Wonld the teem acononias of the two 
sehemes of developsent be materially affected by the cere 
tainty ciate 64 ultinately being able, uler the canal scheme, 
to draw 2,600 to 5,000 second feet (over and above 
missible diversion from river} from the summit leve' of 
the Velland Canal at Montrose? 


(5) "Gould the posuibility of using the sumit 
level of the Welland Camel os a source of emergency water 
supply during periods of seute or abnormal ice trouble in 
the Niagara River be considered as a naterial advantage 
acerning to the cunal scheme of developmen 
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(6] *Would the possibility of ultimately drewing 
6,500 eccond feet of watex from the swwmit level of the 
Wellend Camel, and raising the quiescent level in the 
power canal to elevation 570, ye lnieegstpage phate lydia 
factor in fever of the canal scheme of developmen 
the use of the 6,500 second deot ube MASLAbLO tree the 


vivoer? 
(7) *“Asawsing ome power ultimately became so 
valuable as to vender it necessary in the public interest 


yp eae tony ag nara del) wr maps tall soy ys 
direst pps altel egfleser level, could the tumel 
odheme of development be adapted to uch use? 


(8) “How would the assumption that the witinate 
governing factor of the problem is the conservation of 
head to the extreme limit of physical practicability af 
well ie omiecs of the tumel end canal 


scheme of developagnt?_ 


“In order that Bi | ) TOL INEM 


with al], matters to be covered by your report, it might be well for 
you to come to Toronto for the purpote of discussing the various 
points involved before you put your report im final shape. 

“The muterial agked for in your letter of Heb. 27th, is being 
forwarded, together with some information relative thereto, which 
may be of value to yous” 

Yours truly, 
CLERIC POW COMMISSION OF ONPARIOs 


(signed) "Fe As Gaby” 
Chief Engineer." 


the report discusses ways and means of developing 900,000 horsepower at 
Wiegers valle with particuler reference to a waist of waterways as between 
canals and tumels. The author suggests that in the case of « canal pro- 
posal, the first canal to be wmidertaken should have a capacity of 10,000 
eubic feet per second instead of 6,550 as hitherte contemplated. 

The author compares the cost of construction of three canals, each with 
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& eapagity of 10,000 cubic fest per second, with three pressure twmels, 
each S7 feet in diameter huving a combined capacity of 40,000 oubic feet 
per seuends He concludes that his studies are sufficient to warrant the 
adoption of the tumel type of development, but suggests that some further 
study might profitably be made wpon the question ef the most economical 
diameter to adopt for the first pressure tumel to be undertaken. 

Mr. Jolmson submits the following estimates of cost for the canal 
and tumel projects, both exclusive ef features common to either project, 
such as the forebay, penstocks, intakes, surge chamber, distributor, andl 
be hana ¢} 


Gamal, 67,700 ft> long, 10,000 ous ft. per BOCesoensannwse aigh’? 9089 810000 
Gamal, 67,700 te long, 6,650 ous ft. por BOCs saer coer essai gGl] 9860.00 
Geoond Canal, 67,700 to long, 10,000 ote Sto par seGeeeese$]6 010,860.00 


framed » ei gOUD Ste Long, 32 Pte diame, 6,550 Cte The 
per Ai gliipblwens bagi dap 


fumel, 42,000 ft. long, B7 ft. diam., 10,000 ous ft. 
per Be ccna RE AN 
Yollowing this report there appears “Hotes on Rs De Johneon's Report 
of April 16th, 1917". ‘the authorship of those notes is not stated, but it 
is 2 complete refutation of Mre Johnson's arcuments, prepared by the om. 
gineers of the Hydro-Slectric Powor Comission. _ 
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A report, dated September 19th, 1917, was made om the probable cost 
of tunnel construction, and another, dated September 24th, 1917, was made 
om the probeble cost of earth and rock excavation. Beth reports were sign- 


ed by A. C. Douglass, Mining Engineer and General Contractor, Niagara Pelle, 
Me Yo, and were addressed to Mre Fe Ae Gaby, Chief Engineer, Kydro-Ylectric 
Power Commissions (; O P yy. 

Mi. Douglass was born near Ingersoll, Ont., in 1957, and was elected 
am Affiliate of the American Society of Civil Imgineers in 1698. Hoe is a 
mining engineer and general contractor of long experience on extensive con- 
strnetion work. Amongst the projects in commection with which he has had 
important responsibility, the following may be mentioned as being of part~ 
ioular interest as indicating Mr. Douglass's competence to express an opinion 
in regard to the projected eonal or tumel, - power trymels and comais for 
the Ningers Falls Power Goes Niagara Palle, NW. Yes tailerace tumel gor tho 
international Paper Cos, Niagera Falls, Me Ys tallerage tramel of Canadian. 
Wiegara Power Cos, and of Electrical Development Co., Niagara Yalis, Ont.; 
dovwble-track railroad tywmel at Hoboken, WN. Je 

The original of the report of September 19th contains eight pages of 
typewriting, ond that of September 24th, four pagose 
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Im the first report the author discusses the tame] location and briefly 
outlines the methods of construetion upon which his estimates are based. He 


Type de A Bail 57 foot inside diameter, with concrete 
and no timber lining, for 21,000 feet, 


Type Ze Aiea i Seve, Zeina Speertece: eat Aeswow ont 


type Be A ttn tama, coc 26 foot inalde Ateonter, with 
timber ond concrete Lining, for 10,800 foate 


sanbpincsnctadhenneyedeahectredbonasducbeabenciantatos 
follows:~ 
21,000 foot of CDFG GL yscccsvenenesl 5,796,210 
40,800 foot of ei 0 EBAY Ob overvsenceened 5g644,120 
10,800 foot of type 5 at S4BSeBheesecnseccosed GgBBS,220 
Special work at Whdvlpool Gorgesss«sseceeeseed 100,000 
|  otaesenenseenns20GhG gOS 960 
The author adds that the hydraulic losses would in oll probability exoecd 
rd, ond aleo that 15 per cont should 


be adiod to the sbove eotinste Af 1t vere domed atvissble to et the worl by 
contract. 
In his report of Septauber 24th, 1917, Kre Douglass states thet he hes 
studied the plans and thet in regurd to rodk work he 4s of the opinion that, 
(2) thee cnet of shemmetiing mhonié not qneeek (68 | 


per square foot, 
(2). the cost of drilling should not excaed $0.10 por 
oubla yards, 


(3) the cost of explosives should not exooed 80.30 per 
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(4) the cost of hoisting and louding should not ex 
eeod 90.10 per oubic yard, 


(8) the cost of disposal should not execed $0.10 per 
oubic yard, including extra yardage in ope 
out work, end 

(6) the cost of rock excavation, including a reason- 
able allowance for puaping amd baling, will 
mot exceed $1.25 par oubic yard. By allow 
ing 265 per cant for contingencies, he arrives 
at a total cost for rodk exosvation of 91.56 
per cublie yard. 

(fhe euthor states that earth excavation, including all charges for dise 
posal and so forth, should not exceed $0.55 par cubic yards 

Through the earth section where concrete lining is required, the author 
is of the opinion that $5066 worfid)og-a rybsonable price for conerete.s 

finally he states thet the dredging of the Wellend River should not cost 
more than $0.20 per cubic yard as the American Government ie doing similar 
work for @0.16 and 90.17 por cubic yard. 

Mrs Dovglass draws attention to the difficulty there will, be of obtaining 
gueh akilled labor as ghannel-rumers, drill-rwmers, dredge men, steamshovel 
engineers and blacksmiths, ond recommends that special arrangements be made 
with the Immigration authorities so that these classes of labor may be brought 
in from the United States. | 

Attached to the two reports referred to above, is a letter from deorge 
Perrine, Assistant tunnel Bngineer of The Rapid Transit Subway Construction 
Company, of Hew York, dated October 18th, 1917, and addressed to A» Ce Douglass. 
Attached to the letter is the following estimate for the proposed turmel sug» 


gasted by Mr. Dovglass:- 
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(1) 21,000 feet of typo 1 at G05. 4 eeccscest 6,071,610 
(2) 10,600 feat of type 2 at GAlZel6esecseveG 4,327,680 
(3) 10,500 foot of type 3 at [466048 .ecnseee) 49897, 725 
Special work at Whirlpool Gorgessescees 
TOGAL cos es0000185,697,015 

Mr. Perrine estimated the excavation coets as follows:- 
Marth emowrationessscorcsacnenssoe0Q0085 por ouble yard, 
Rook excnvationsesscssoceseeessoseehle’® YOY Cubic yard, 
 Bydvrandie drodgingssscssssvesseseeeG0e20 por cubic yard, 
Conerete in camalecsovessesenceneselGe00 par cubic yard, 


There is sliso a rete gt ached to Yao two reports eigned by Hugh Le 


Cooper & Gompeny, yor B. HN. Pargons, dated New York, October 6th, 1917, and 


addressed to Ae G» Dovelasse The letter states that the reporte of Septen- 
ber 19th and September 24th by Mrs Douglass have been examined and that his 
“unit prices are a correct estimte, and that the work can be executed at 
these retes 1f properly direoted by men of experience in this class of con~ 
struction, with possibly the following exsceptions:- 

Canal excavation in earth at $0.35 per cubic yard, and 

im rock at @2.86 per cublo yard, might both be conserva~ 

tively increased about 10 per cent. Concrete lining for 

the caual bottom throughout and for the sloping sides 

where section is in earth, at $6.50 per eubic yard, wo 

think should be increased to sbout 96.00 per cubic yard”. 

he authors state also that in view of the abmormel prices and of the 

precarious labor conditions, estimates must be regarded as subject to change 
and epplied with caution accordingly. 


A thind letter ds attached to the foregoing reports, signed by P. MoGovern 
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& Compeny, por C. Lb» Perrin, dated New York, Ioteber 10th, 1917, snd addressed 
to A» Os Dovgiags. 
In this letter the following estimate 1s submitted: — 
Rock emoavation..sccssossessenseeeatle’S por cuble yard, 
Barth ONOOVAELON. oa servereesearene o00R5 per oubie yard, 
ConaretOersrereressencvevasrovsserehGe50 per cubic yard, 
Rewdgingerrrserrsostevosessceesvsosioene por cubic yards 
In eddition, estimates for the tune) comstruction are given in some de- 
tail. Generally specking they are higher than the estimate svbmitted by Mar. 


Doughucse 
C.O).P ¥ 
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A report dated July S0th, 1918, signed by Re De Johnaon, of Re De 
Jolmson and Pe Vahbnan, hydronic engineers, of New York, was sddressed to 
Pe Ao Gaby, Chief Engineer of The Hydro-Riectric Power Commission. 

Ur. Johnson's enginoering qualifications have already been given on 
pages C3 and Onthe | 


The report wes made Gadopapiee Yitn written instructions by Mr. Gaby 
wider date of May 27th, 1916, ae follows:< 


(Letterhead of Bydro-Rlectrie Power Commission) 


“TORONTO, May 27th, 1918. 
HeGedhe 


Re Ds Jobmson, Hsce, 
60 Well Street, 
Way YORE Crey. 


Dear Sire 

“With reference to your recent visit to Toronto and dis- 
cussion =e urs 4orea ef certain questions in connection with the 
Viegara | » Please note the following:- 


te desire you to lock over the drawings forwarded wider sep- 
arate cover, and @ list ofwhich is attached. 
“Will you kindly report under the following heedings,~ 
(1) "Please look inte the question of curves on 


the section between Montrose and the power house. 
These curves are now laid out for a 500 ft. radius. 
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What radiue would you suggest using, and how would you 
treat these curves? 


(2) “Pleese submit a preliminary layout of intake 
at Chipoawa, near Hog Island, along the lines diecursed 
betwoon Mr. Acres, Mr. Hoge and yourself. This proposal 
is, of course, to be considered only tentative and it is 
to secure your idea of how the problem should be attack- 
ei, We desire this information in comnection with our 
proposed models to be tegted at Mingara. 


(3) “Please look over the proposed fice chute shown 
on drawing 7-6-26—<d, We desire to obtain your suggestions 
in connection with this layout. 


(4) "Will you kindly look over the curves showing 
losses in cenal wider var conditions? If you heve sny 
comments to make in comection with thease, with reference 
to the aiivisebility of lining with concrete, or otherwise, 


please let us me oe a 
OMMISSION OF ONTARIC. 


(signed) "PF. A. dey" 


Ghief Sngineer." 

fhe original document consists of nine pages of typewriting, accompanied 
by eleven drawings, consecutively mumbered 59 to 69. 

in Mr. Johnson's letter of treomemittal, dated August ist, 1918, he re~ 
gomnends that as soon ag the dimensions end the desired degree of smoothness 
of the chamel will have been fixed, a thorough study of the surges in the 
canal shevld be made. He draws attention to the fact that his study of surges 
wider date of Yebruary Ist, 1917, was only applicable to # cans] carrying 6,550 
eubie feot per second of water, while the present report is based on 12,000 cu-~ 
bic feet per second. . 

The report is divided into three sections, _— - 

Best Consideration of Bends, 
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Proper Design of Ice Chute, 
Aceuraey and Adequacy of Loss Diagrams. 


ding the bends, the author presents two options, namely + 


{1) A constent radivs for dach side of the canal of 
186 feet, o7, 


(3) A sentre line radius of 200 feat, with the sides 
of the canal soncentrics 


Hie opinion is that either of these methods would give better results than 
the 500-fe0% radius wee tric Power Gommiscion engineers. 
Pa RN A 9 ghould be made with radii a» shart as 
60 feet with constant curvatures 

At the conclusion of the disoussion, the author makes the statement, - 
"Tt is not at all certain that some design radically different from those 
here suggested would not show less loss of head”. 


Under the heading "Iee Chute’, the author discusses the Hydro-¥lectric 
Power Comaiasion’s pian entitled "Proposed Ice Skimmer at Porebay", and ange 
gests a number of modifications which he considers as Improvements. His sug- 
gestions are that a chute should be designed to rum only partly full instead 
of completely fully that the entrance to the skimmer should be constructed for 
the full width of the canal; thot a control gate should be made an integral 
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part of the skimaor platform, and of s heavy type operated by hoists; that 
the suggested twmel under the bottom of the forebay showld be replaced by a 
covered channel; smi finally that the sides of the forebay should be straight. 


Semel, LO880s. 


fhe author states that he has examined the diagrams of iosses submitted to 
him “somewhat carefully", and that he found them to be correct enough for all 
practical purposes. After a disoussion of methods of emalysing the losses, he 
vecoumends the use of a concrete lining, retaining 6 width of 48 feet as pre 


Viowly designed for the ) OP a eth sides, and he also recommends 
the deepening of the : 
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A report dated Jamary Slat, 1919, signed by Re De Johmson, of Re De 
Johneon and P. Wehiman, hydranlic oginesrs, of New York, was addressed to 
Frederick Ao Gaby, Chief Ungineer of the Hydro-Blectric Power Gommission. 

Mv. Johnson's engineering qualifications have already been given on 

The report was made in Mix. Gaby*s verbal request of Octo» 
ber 29th, 1918, and the original document consists of seventeen pages of typo~ 
writing, accompanied by eleven drawings, numbered 70 to 60 inclusive. 

After disqussing the generalities of the site of the Intake, Mr. Johnson 
_ reine eqnellgacemaigpallye-soonne esa sabanagenalern eal bey obeligne mind as a guide toe 
wards a correct designi- 


ie As iittle interference as possible with the natural 
fiow of the river, 


Be ienevek of the eater from the bottom of the river ine 
to aubterranean channels, 


S. The interception by the Intake structure of a mmch 
greater width of the river bottom than thet which 
bowls 6 oross sectional natural flow equal to 
the amount to be diverted, 


4 The maintenance of the entrance velocity of the water 
at as low e value as practically possible, 


Se Bven diversion of the water, 
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6 The provision of two Intakes, having widely different 
characteristics, one of them adhering as closely 
as possible to the five principles above enumerated, 
the other designed as a complementary adjmet, with 
out particular reference to those rigid requirements, 
but with the definite purpose of a relay completely 
adequate in itself for most of the time, and having 
characteristics which avoid, if pessible, some of 
the diffieulties not completely overcome by the more 
@laborate design. 


the author eyhaits general plans showing the outline of an Intake struce 
ture whieh offers a omamenl of substantially fulfilling the foregoing requirements. 
This structure consists of six “draft distributors", 1,300 feet in length, and 


100 feet apart, inclined @ of about forty-five degrees to 
the direction of the cnkcada Bc, saver, At the outer end of the 
distributors, for & length of 600 feet, inclined slots are provided for the adq 
mission of water from the bed of the rivers At the shore end of the draft dis- 


tributors, ond at right engles to them, Mr. Johnson provides a series of piers, 
igs, 80 that the water of the 


carrying & curtain wall and with stop iog open: 
Wiagara River may flow directly into the Welland River chamnel without passing 
through the draft distributorse 

| the author concludes his report with @ discussion of the probeble fric- 


tion losses through the structure. 
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A yeport dated March ist, 1920, signed by R. D. Johuson, of Re De 
Johnson and P. Wahlmen, hydraulic engineers, of New York, wos addressed to 
Be Ac Gaby, Chief Mnginoer of the Mydro-Zlectric Power Commission. 

Mr. Johnson's engineoring qualifleations hove already been given on 
pages C3 and C4, 

The report was made Cx Gdiis Yo & verbsl understanding of Octo~ 
ber 80th, 1919, and the original document consists of twenty pages of typo~ 
writing, accompanied by ten drawings and dlagrems, numbered 81 to 90 inclus- 
ive. , 

The author states that he has remodelled the desig of the Intake, cur~ 
tailing it as much as it is considered advisable according to the rewults of 
the experiments made during the swmer of 1919 in the Dufferin Island chanel. 
fhe design involves the development of s completely new theory of flow ss re- 
ferred to in Mr. Johnson's report of January Slet, 1919. 

With the report the author cubmite a design of draft distributor or 
“gathering tube", 500 feet in length, and of very low cross section. Six of 
these tubes are required for a flow of 15,000 cubio feet per second. the body 
of the report contains a series of calovlations illustrating the author's 
basis of design. He rocomends building a omall model of the mouthpiece of 
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his gathering tube as a basis for determining the required sige. 
Tu conclusion, Mr. Johnson mekes the following suggestions relative to 
the general construction: 

“fhe top of the tubes are to be placed approximately flush 
“with the general level of the existing bottom of the river, end 
“whatever material is excavated hetwoon the tubes may as well not 
"bo vestored, thes leaving depreseions im which eny rubbish rolle 
“ing along the bottom would likely be deposited; but, in any case, 
“it is recommended to construct at least one euch trenoh just up- 
"stream from the first gathoring-tube., This shovld, preferabiy, 
“pe mmnothiy Lined with goferpt}to Yootlitate cleaning out when 
"filed wpe 

"It will be noted from the diagrams that the diffuser lose 
“49 almost as great, at the essumed efficiency, ae the entire fric- 
“tion, and it is desired to call especial attention to this, so 
“that due consideration will be given te the question of seouring 
"a good efficiency of expansion, wy spending enough money on the 
“length end emootimesa of the diffuser. In other words, if loss of 
“head in thie Intake is considered at all serious, the easiest way 
"to keep it down is to reduce the angle of flare of the diffuser, 
"at least to the point which is considered consistent with economy. 

"It is considered desirable to be able to ascertain the nature 
“of the distribution of inflow which astually obtains, amd, to this 
"end, it is suggested that euiteble permanent plezometers be built 
“inte several of the tubes, or, at least ome of them, carrying the 
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‘gommecting pipes, obedded iu the wall of the gathering tube, 
"back to the heade-bleck of the surface intakes, The plezoneter 
“openings should be at least gour in number at each station, 
‘arranged 90 degrees apert, ond inter-comected to onm of tas 
*tranemitting pipese Gare should be exercised to have them 
"placed flush end square with the inside surface of the tube. 
_ "Shey should be epaced at least as close as 100 feet apart. 
“Particular care should be given to shaping and Zinish- 
“ing the guide vanes which form the partitions im the slots, as 
“thely influence upon the inflow of the water has been naitoub, 
"ed in the computat ifn of tho laden width of the alot. he 
“surface should be finished particularly anooth ami hard, and 
"be carefully maintained true to form. It is possible that 
“better results can be obtained by separately moulding and fine 
“ishing thease vanes, loaving grooves in the sides of the slote 
"into which they may afterwards be inserted and grouted" » 
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A veport dated June lst, 1920, was propered by Re Ds Johnoon, of Re De 
Johnson and P. Wahlman, hydraulic engineers, of New Yorke The original doou- 
ment contains twelve pages of typewriting, and is not accompanied by photo- 
grughs or drawings 

ty. Johnson's engineering cuelifications have already been given on 
pages 0-3 amd C4. O 

Mr. Johnson reviews the various phases of tho atwihies and desige with 
which he had been intimately comnected, ond the report largely resolves it- 
neh into en enoomium of the work of the Hydro-Ylectric Power Commission em~ 
gineers. 

the following quotations will give o general idea of the tenor of the 
reoports- 

“fhe Comiacion's engineers very evidently had in mind the 
adoption of s plan which would conform with the broad principles 
properly wxlerstood to be exemplified in a public mdortaking for 
the benefit of the people, and the witinate conservation of water 
with respect to the power rendered available, ied to a more com 

‘prehensive layout than would probably have been attractive to 
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“Although the writer himself initially favored a tunel for 
& capacity of 6,000 te 10,000 second foot, yot he is not inclined 
to hold this position with the capacity moterielly increased, as 
now contemplated”. | 

“It is possible to make certain that no eriticiem of the presq 
ent choise of waterway can be substantiated on any engineering 
basis’, 

"The value of a horsepower gained by additional excavation 
was determined to be considerably greater then the average horse-~ 
power produead by the whole development”. 

"It was foul vahasirl ds RR "A Slope of the rock bottom, 
according to the best physical conditions, for carrying out the 
work of excavation without particular refinement in its relation 


"fhe question of surged scevssasssse COUNSOd & good deal of 
eoncern tntil these phenomena were carefully stulled .ossescesss 
and it appears quite clear that enongh information in this regard 
has been acquired so that safe operation will be provided in the 
Commission's plans". | 

"fhe methods which have been adopted (for the avoidance or 
disposal of ice) possess the double virtue of precluding the possi-~ 
bility of taking into the mouth of the catial any surface ice, and 
also of effectually removing any which may form on the canal it~ 
self" » 

"fhe model (intake) constructed according to the plan sub- 
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mitted by Johnson end Wahiown proved to behave exactly as the se~- 
eepted theories anticipated, and this ides was accordingly adopt- 
ed by the Coumission as the best one up to date.” 

“fhe draft tubes eessescenses Will Goertainiy take their place 
in the vanguard of advancing attainment im this field of endeavor". 

“tne turbines themselves will be meurpessed im all particu- 
lara by any similar apparatus in the world, combining mmy novel 
features of safety and convenience of operation, with the utmost 
conservation of the energy in the water which feeds them’. 

“he valves which will out off the water when repairs to the 
turbines are necessary vit pole? dye post approved Johnson type, 
“now recognized to te indispensable vhere the utmost safety and 
sonvenience of operation is desired”. 

the queens ton-Chippaws Development, when completed, bids 
fair to furnish the best of material for the instruction and guid= 
ance of the students of hydraulic enginvering os magnificent ox- 
position of the art, and & display of the utmost proficiency of ite 
period in all particulars”. | 
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A letter of transmittal dated August 7th, 1920, submitted on August 
14th, wes followed by a report dated October 22nd, 1920. oth the letter 
end the report are signed by Hugh Le Cooper 4 Company, of New York, end 
wore addressed to sir Adem Beck, Chairmen of the Hydro-Electric Power Com 
mission of Ontario. ‘the Grigiher) iprter or transmittal covered sixteen 
pages of typewriting, and consisted of a summary of the conclusions elaborate 
oa in the final report, the original of which contained twenty-four pages of 
typewriting, accompanied by drawings mmbered 54358, 3439, 3440 and 3441. 

The work done by Hngh L. Cooper & Company was under the general direc@ 
tion of Hugh Le Cooper, who was born in Minnesota in 1865, and was educated at 
the Rushford, Minn., High School, He commenced his engineering careor with the 
Chicago Bridge & Iron Compeny in 1883, in which company he rose to the position 
of chief engineer and superintendent. From 1891 to the present date Ii. Cooper 
has been engaged in private practice, devoting himself more particularly to 
hydranlic engineering as applied to power development. He has designed and 
been comnected with works totalling over a million horse power, and costing 
over 2 hundred million dollars, in the United States, Caneda, Brazil and other 
countries. One of the principal plants with which Mr. Cooper has been comect= 
ed is the leit teaches Hydro~Electric plant of the Mississippi River Power Gom~ 
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pany at Keckwity Lowss tire Cooper was elected o macber of the smoriom society 
of Civil ngineors im 1908. 

Mrs Cooper wrote 8 letter to lire Acres outhining tir. Cooper's wrlerstanding of 
the scope of his tavestigatiens. ‘the letter reats:~ 


“Sy YORK, 
May ds 19206 


Beer irre | 


2g re eae lh gre nar you | : 

this wosk dn order thes you my ious aypuove thie welarstante 
ing ox modify it os you desire. We are to make an exumnation 
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mente as will ensble us to check your regular monthly es~ 

 timates as to the scowrecy ond as to the amout of comlet~ 
od work on permanent structures at the time of ow report. 
The extent of these measurements will be Limited to the 
anownt of work we find necessary to enable us to sake = safe 
certificate respecting the same. | 


4be “ve are to mike @ genersl report on the construc- 
tion orgenisation which report wili include comments on the 
handling of the work up to date and recommendations as to 
the installation of sdditional mechinery for the balance of 
the wor, having in view the present high eoste of Iabor and 
materiale 


Be "We are to mike an estimate of the time that will 
probably be required to place one wit and five mits in com 


mareial operations 

| be "We axe as to the smout of 
noney thet will siete the it up to five 
Loe cpgrs me Mheray : his this estimate by the re- 


tetsd Petaleed fron Paveaverhs 3 

Ve “we are to mike sush general investigations of your 
ee oe eee ne ee ee 
eleney end reliabliitys 


&» “In making up ow cost estimates we will use your 
figures for the cost of 011 reel estate required. 


"will you kindly advise ne here as to the correctuess of the fore~ 
going at your convenience, and obliges” 


Yours very truly, 
(signed) HUGH L. coorpm 
®o this letter, Mrs Acres made the following reply:- 
{Lettexhead of Hydro-Slectric Power Commission) 


“PORGNTO, Onte 
May Sth, 1920, 


Hugh Le Cooper, Yaqe, Consulting Engineer, 
101 Park Avenue, 
Wey YORE, NeYs 
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instant, and mest apologise for the delay in anewering the seme, 
which was simply due to the faust thet % wea ooglotely tied uy 

with negotiatione with the Labor Unions jn connection with 1920 
rates ami working conditions. 


Whe to tha formal propocition set forth in your letter, I 


may aay p that 1 think it covers the cage as well ans any 
more or L836 ‘detaiied gpecification of your fmetion could do. 
To _ tha proposition inte o fer words, «het 1a required of 


| unley the necseaity of stating that you wore not aciod to report on 
this or that, or were not allowed access to such and auahs Ae i 
have already atated, however, 1 think the method of procedures you 
have mipped ovt is sufficiently ganpeuhenotve to obviate any seh 
La yoann faa yreigiuahonee fang) Showa e heat Hr yt Pig denial ed dl 


Much be Cooper & Company commanced their examinations on April 26th, 1950, 
‘and practically completed theiy ixvestigation on august 17th, 1920. 

“As the letter of transmittal above referred to is mainly a summary of the 
conclusions of the report, the $wo will ba dealt with together in the succeed~ 

dag coments» : 

im a general way the conclusions of Hugh Le Gooper & Uompany cover the 
whole Chippewa project. im some eases the opinions end recommendations express- 
oie Getbitte, Walls ta ether canes the returentes indicate that no special 
study was given to the detail im hand. 

Im general it 4s eeld,- “ve tind the general plen of the local canal 
Gyster secscccscecuaveses t0 Be the bout that could have been adopted when the 
“history of your project is fully muerstood. 
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Apeeiinn.s expenditures, the statement is made y= "We believe the expend. 
itures: Ooeretareeroene will be justified by the beneficial results which will 
BOCTUC eeeseseersuseesean”o 

The capacity of the canel, according to the report, should be increased 
to 20,000 cubic feet per second, and the statement is added, "This increase in 
the use of water is possible without any appreciable loss of money for work 
thus far completed". 

Of the upper level, the opinion is expressed that the elevation of the 
water surfece at the point of diversion shovld be taken as elevation 558, and 
the report further states corr heed will be 292 feet for a flow 
of 15,000 cubic feet per second, and 99 feet for a flow of 20,000 cubic fect 
per second, the greater head resulting from the use of & larger canale . 

The report mqualifiedly states that the proposed intake design shovld 
be abandoned. | | tw 
| In the Welland River, as well as in the earth section of the canal, the 
use of a suction dredge instead of a dipper drodge is strongly recommenied, 
for the stated reason that the saving thereby will be about $1,700,000. for 


& flow of 15,000 cubic feet per second, and about $2,600,000. for a flow of 
20,000 cubic feet per seconds 
_. In regard to bridges, @ general statement is included,~ "That material 
bias in the cost of completed bridges can be made", but no further refor~ 
ence is made to the subject. 

In referring to the work of the whirlpool section, the report says,~ 
"Your engiziears have used the best care possible", but a recommendation is 
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edded that the stability of the whirlpool section should be tested hydrostat- 
feslly before the Lining work will have been completed. 

Yor the purpose of the ramoval of floating lee socummlating in the canel, 
the report recommends the construction of a complete skimaing system ab a cost 
of about £600,000. : 

The report states that modifications are required in the forsbay, the fact 
apparently having been overlooked that & distribution system had alroady been 

" Ba retermnse $0, Yes screen, house, tha report says,~ “The general designs 
of | serem house end penstods intakes are gatisfactorys we wills however, ro- 
sfers Pare Oe fer). ow ome meme » Hor reasons 

Bn veenrd to, penetedony on chuervation 14 mote atxtier to that concerning 
the screen HOWSEs but nothing definite is concluded. | 

the power house fousdations are dealt with at ‘ts Sennits and further 
borings on the site are recomended. The sum of (250,000. in inchuled tm the 
report “to cover the contingenoy of a possible change from the weewts Location" » 

The design of the turbines is approveds 

the omtrast tor the Johugon valves is ae the mada satiefactory™ » but it 
is stated that special care should be devoted to inspection and details of de~ 
eign und shop wortte 

fhe report states that the design of the clestriosi apparatus has not been 
~ ‘the power house substructure and sworstrusture are dealt vith in» gene 
eral way in the statement that “the guneval design ef the power howre indicates 
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a stable structure’, The suggestion ia made that a considerable saving might 
be effected in a re-design of the substructure. 

Under the heading of “Orgunization™, the report strongly recommends 
the engineering and business management be located on the wortre at Biagors 
Pelle, with complote authority over every detail. | 

Tm regard to the accomting aystem, the report states that it is "too 
intricste". The recommendation is made that ell ecoomts shovld be audited 
by independent, certified public accowmtents every three months during the 
construction period. The further recommendation is made that an inventory 
should be completed for a1 tools, machinery and material, and thet thie in 

it is recommended that a worktime schedule shovld be devised. 

The organization of a complete system of fire protection is recomment 

A strong rocommendation is made to put the leberers on a bonus or prezit- 
charing system of waged. 

the report does not agree with the engineers of the Kydro-1 
Gommiasion as to the discharging capacity of the entire water trenemission 
system, particularly with reference to the rock section of the canal, and re« 
comuenis increasing the slope of the floor of the eamal so that the floor sl 
the surface of the water when a volume of 15,000 cubic feet per second is 
flowing, sre parallels 

The report states that there has been a difference of opinion between 


the engineers of the Hydro-Zlectric Power Commission ond Hugh L. Gooper & Com 
peay, rogariing the date at which the plent will be ready for operation. Tho 
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report els0 expresves the belief that the five mite will not be installed, 
veady for commercial operation, before Jemmary let, 1923, and that “by good 
ivek it may bo possible to start operation with two wuts three months earlier 
then January lst, 1923". The report states further that the controlling faa« 
tors are,~ first, the ting In which the rock oomal oan be completed, amd necond, 
the time when tho power house and ite contents can be completed sufficiently 

%© pormmit of commercial tse. 

Xs should bo noted that at the conolusion of the report, the following 
statement is made,~ "We have not onlled your attention te severs] other crit- 
ioisms that we could also opmorate, or i reason we believe no practical 

sugh a course further’. 
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A report dated August Vth, 1920, ind signed by Bagh Le Cooper & Come 
pany, contains eixty-oix pages of typewriting covering estimates of cost 
|  ‘wnder three different "Cases", with alternatives in every case. 
Case I is given as the estimate of cost of the project as designed by 
| jot-tnghaeers wherein Hugh Le Cooper & Gom 
pany's quantities and wit prices have been applied, using 18,000 cubic fect 
per second of water. 

Case IX ie an estimate of cost of the project wherein Hugh 1. Cooper & 
Company have introduced modifications im design, in accordance with their 
letter of trensmittal dated Angust 7th, 1920, applied their quantities and 
wnit prices, and used s flow of 15,000 oubie feet per seconde 

Gase Lil is the same as Case Il, but using 20,000 cubic feet por secon, 

A241 estimates are of the cost to complete by Jawnary Ist, 1925. 

The following table gives the estimated cost of each Case, and alter- 
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5 Units $ Uuits 8 thits 9 Unite 5 tmites 9 Unite 
@ 3 ¢ § $ @ 


3,589 ,093 561 4640 582,640 604,055 604,055 
uote 9 B54 (44,996 1,176,557 1,289,071 1,920,170 

82 5928 » TEE 22,864,311 22,467,182 25,685,602 26,022,768 
1,777,398 1,549,071 1,745,646 2,193,122 2,495,122 
2,872,675 19175_966 1,872,575 1,364,766 2,585,850 
Bp020,424 55116,005 85020,424 6,125,120 10,562,987 
3,557,000 2,009,840 3,557,000 2,454,040 4,754,780 
Ge417,560 4,762,160 6,417,360 5,668,460 11,166,260 


yom pee 59S 
LebSt e023 cad wth. 8540028 
64,061 ,806 


87 4960946 | 45,455,457 63,994,287 53,295,899 69,186,761 


765656951 60,862,892 725216,755 71,988,626 88,920,506 


Cente ave omitted in all cases. — 

Interest Charges ars compounded semi-unmmally at 6-1/2 per cent. 

Total Disbursements are to May Ist, 1920, plus inherent compound 
of mumaliy to Jamary dist, 1923. 
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The suocoeding table gives . lint of mit oricas upon which the fore- 
going estimates of cost are based: 


| ‘ ere TEST ING 
2 : PRLLASD P SOE Fie YOVAR WKIRLPOCL 


Reek Excavation Geys  BebO - {B50 Aeiaitans «~ .. Be60. SeB0 


farth Excavation Oeye 6 Complete ” ws « 
fonerete Plain | Ge¥e wi am 14.00 ) AGAR, Piaf (#)20.00 
lomerete Reinforced ceys 40.00 ~ - 40.00 40.00 82.00 - 
rT, i | in Foundations 
trustural Steel Lie 030 - oi9 ° 007%} ” - on 
hele Spacers Ih 1s La ee ts 
Le Space bo * - oe oo ~ - - “ 
L will : Geyo 289 os ~ “ ~ ee an (*) 289 
Miprap | Geyve 1.00 1s00 «© = $.90 3.00 wa _ 
late pt Eadhe e - - 04) - - - we * 
ook Coys = ad oi 5 - 1.80 - ~ ~ 
alge lbs 0 ee Pk ent a sm iP 3 oo 
wiidings, Super Str.o.'?. ~ ”~ ” - wid - wh} ” 
wmnel Rook ¥ Coys ~ os a = ~ 10400 a a 
ail Race Uxcavation Sey'o - = ~ oo “ ~ 5,50 = 
arth for Piers Coys 065 - - - - * os 
ustion Dredging 045 ~ 045 * - “ = ~ 
jaissons, Install ing Bach 3000.00 o ~ a ws - ~ - 
© ‘Wrst Cost otal 4000000 —- — - annulate m 
ipper Dredging | Ce¥e ite « 280 ee cae ate om ate 
teem Shovel - ~ 410 ~ ~ ~ o - 


HORE: (*) ~ faaee refer to Bah bs Cooper & Gomeny's figure 
resulting from their — —— in construc 
tion methods. — 
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A Peport dated September BOth, 1920, signed by Prencis Lee Stuart 
and HM. 3. Kerbangh, wes sddressed to Sir Adem Beck, Chairman of the Mytro~ 
Blectric Power Commission. 

‘Mire Stuart was born at Camden, 5.C., in 1866, and graduated from the 
Engineering Institute at Washington, D.0. He spent s mosber of years in 
‘various positions from my () pp engineer with railroads, and with 
the Nicaragua Canal Commission. In 1906 It. Stuart was appointed Chief tn 
ginoer of the Yrie Railroad Company, and in this ospacity carried out an ex- 
tensive program of construction work for the Erie System, improving the elabor~ 
ate terminals at Jersey City, incloiling « series of four-track tumels. In 
2910 he was appointed Chief Ungineer of the Baltimore & Ohio Railroad Com 
peny, and for five years had charge of genere] grade reduction work and a 
large construction program. Mr. Stuart entered into private practice in 1918 
amd acted ss consulting engineer for various wmiertekings, ond during the 
war waa appointed Chairman of the Terminal Port Facilities Committes of the 
Gowneil of National Defence, and of the Wer Industries Board. When the United 


States Government took over the railroads, he was appointed Ghairman of tho 
Budget Comalttee and passed om all plans and improvements of the railroads 
east of Chiengo. Heo has « varied consulting practice im port and terminal 
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work, ond particularly im raiiroad end industrial fields. Mr. Stvart be- 
cxme a member of the American Society of Civil Mngineers in 1899, and was 
elected Vico-President tu 1920. He is also o Past~-President of the Society 
of Yorminal tngineors. | 
Mr. Kerbaugh is known throughout the continent as having carried out 
some of the largest consternation contrasts in the United States. The follow 
ing list gives come 0 the neve important works vhich he hes wdartaken:- 
fand Patch Tmmel, double track, through Appalachian Mountains; Mognolia Cut- 
off Improvement, Bs & GO» ReRs double track, including three tumels ond sev 
eral million yards of heavy rock excavation; Curtis Bey Improvement, Bs & 0» 
ReRe + reinforced concrete Gior(_droftdin¥ pir0s om hydronlic dredgeworks 
Buffelo - s large amount of hytreulic ond dipper dredgework covering a period 
of five years; Konsico Dom ~ requiring the placing of one million oubie yards 
of heavy masonry; Now York Highways « 300 miles of improved highway; Erie 
Ganal - covering a period of five years; Susquehemsa Hiver - three stone arch 
bridges; Peuneylvenia Railroad « « Large amount of construction work involving 
expenditures of memy millions of doliars; Panem Canal « adviser to Pansma 
Canal Commiesion regarding the general plane for cerrying out the construction. 
ir. Kerbaugh owned and operated his om stone quarries, ballast quarries, com- 
missaries, his ow machine shops, and manufactured his own dynamite for some 
of his contracts. 
The originel report contained eleven pages of typewriting, and was made 
in accordance with the request of Gir Adem Beck that the authors shovld express 
their opinion and conclusions on the following features of the Guemstan~ 
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is Suitsbility of the plant for construction programms 
proposed. 
8. PFossivle dates of completion of the canal for genera- 
tion of power by the first and second mits at 
Se Probable cost to complotes 
fhe authors deal with the wdertaking, item by item, explaining the 
status am progress of the construction work. 


Intakes 


The euthors approve o(the Erjoceae Yoo of construction of the Intake, 
and estate thet it is not a controliing factor in any of the schedules of come 


pletion of the works 


fhe outhors state that the Welland River Section is not o governing fouture 
of the proposed schedule. 


Sate House. 
Rewarding the date Mouse, the avthors say - “There are 25,000 oubic yoris 
of concrete to place, some of which could be placed this Peli omd the balance 


after March 15th, 1921, completing by the end of July, 1921". 
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In referring to the Penstocks, the authors state ~ "Penstecks have been 
contracted for, completely erected, by Jue ist, 1921, and wa see no reason 
why such schedule camot be maintained”. 


The suthors reach the conclusion thet the fivet uit in the Power House 
thovld be completely erceted by May 16th, 1921, 


sabia CO Pye: oreo 


_ 4% discussing progress in the Power Canal, the authors go on to say « 
“The presant shovel working in the Wellond River Division should huve exouvat= 
od @ cross section large enough to provide 3,000 cubic feet per second, required 
toy wits Hos. 1 and 2, early next Spring, and if necessary & dredge could help 
finish completing full cross section of 15,000 cubic feet per second by August, 
1921". , | 

“The authors look upon the Canal as the controlling feature in the comple- 

tion of the entire developement for production of jeer on any given date, and 
they work out a schedule of approximte wate of shovels required per month in 
earth and rock, to complete the comal for generating power by Movember lst, 1921. 
They state that “the eoncrete schedule of 200,000 cubic yards of lining of 
eanel and 120,000 cubic yards of concrete in control works, transition sections 
and walls, requires a schedule which will place the concrete ae close behind 
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the waite which excavate the sections to receive the lining, af it is prace 
tical. Om secowt of the lateness of the sexson most of the somerote will 
heve to be pot in in 102%". | 


_ the authors consider that it wonld be advantageous to the public 1f the 
ayailnble stone were crushed and & brosd policy sdopted by moons of which this 
gheaply produced broken stone could be mae to give an impetus to the "good 
roads" moverent. ‘hey estimate that it is possible to provide 4,600,000 tons 
of broken stone which woth give ) retuenYot $2,600,000. They recommend that 
au additional crushing plant with e capacity of 4,000 oubic yards per day be 
installed in n@dition to the exirting one of 2,500 evbic yards per dey capacity, 


Cd 


She authors state that sound jedgent has been used in the selection of 
the equignent for the construction involved, and particularly in having pro- 
vided Sz5-ton shovels with S«yard dippers for work im the Canol, and modern 
stemderd gauge oquipsent for transportation needs. 


the authors made the following estimate of cost to eomplote the power 


sonal snd installation of five wits, and the first stage of the intake ecan- 
struction: 
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T-<Power House ST 9 FOZ 1,860,000. 1,997,701 
6-Hiydravlic Mach *y oo nneone 19646,000. 1,646,000. 
P-Right-o feng 1,000,000. neeenees 1.,000, 000. 
 Biseelianeous nse sa 206 9 200,000 


CO"GHP Y ramen. Grau 
Contingencies Oks vvcusscnvanenede BeGlbebldc 
Yotal Bot CostssecsenessanseneneGOdgl?0, 7260 


Ystimate of Cost of Superstructurs end Electrical 
Bquipoont up to Lele Bus*scensessaseessesvcesencaeevoneoersees 5,501,083. 
Sethuntel yesiine yates of Fient end Stores on 


Rend. Go Pinkahe dc cd ewisinn bodes dbededées seccecescceseaseeeesE & i he a) @ 
Votal Inrvestrontsssescesencesee0iO 871,709. 


Less: Possible Selvege recoverable ~ ere 
Receipts from Becca Stone « » 22,6090 


Total Hot ee eeedunone Himba ~ I 
Wotal Cost por HePessevcssunvvese 


The ultimate be mee d of prosent plans contemplates the 

fuli use of Marre and the installation of 

totel of nine (9) Und ) 50,000 Hehe, and will 

require when tnetedies, £9,000,000. additional capital, 

wmeking a total estimated cost ofcccseecenersnssecenrescessecesvnseingh Tig O06 
Total Cost POr HePosecvacsovenes 116016 


This estimate was based om the cost date of the work already done, end 
Generally figured on basic prices as foliows:- 
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Barth excavations .esse+ssseeaee9 0070 por oubie yard, 
Rook excavations ssescssrceseseeed 2070 por cubic yard, 
Plain GOnGretessesseeceoersecseeGddeb0 por cuble yard, 
Reinforced concretess.s+esssaese825e00 por cublie yards | 
Attention is dram to the fuct that the totel expenditure to the end of 
August, 1920, was $25,266,067.00 of which total $10,995,646.00 was tho ectunt 
cost te dugust 26th, 1920, of the permanent work done on the project, while 
the balance is partly included in the items making up the "remaining cost", 
partly in the item of the cost of seeerereetor and electrical equiznent, 
and partly in the estimate of th vitimate installations 
, OP sae increasing the capacity of the 
oanel and conclude that by deepening the rock section a flow of 22,000 cubic 
feet per second might be obtained. On this basis of flow, they work out the 
following estimates for # plant of 666,000 horsepower capacity:~ 
Based on the aon plenus of five 
(6) Units for ; arviah use of 15,000 
nage wild 250,000 UePs, at 
an estimated aot OfccerceessoenssenseeeeG4S ghV1g780.00 
Sethe te asks SSP 


SUONGcerceweaenedsoneenenereneeessanecn eal BeT0 


ov Total Cost per Hele, 16,000 

Gelebe COpOCLtYravessesreceesesesesernneey 178.06 
Sotal Cost per Here, 22 | 
Colehe CUPAOItYrcestesseseroneanneeeneoeee 187 269 
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The ultimate capacity of present 

lems contemplates the full use of 

9000 Gofete, and the installation 
setae dora te 

* 
, Fa 000,000. sid ieian- 

al beapladerte snacking a total estimated 
eost Bhi csccoueseccencccecesesduensssesssl aT 7a 


Ustimated Net Cost to deepen 
Rock Section less receipts from 
PYGCON StHONGeesesenccorenessereoaseseesneens Oo 


$85 971,789.90 
or Total Coat per Hee, 15,000 | 
Cofete CHPROEYerseesesssseosveverscersceey 136016 
otal Gost por Hels, 22,000 
GofeSe Spebhesiadséncacvcsvensdavicacued 124.38 


t | twely: 
tig eee ea Tha = 660,000 BePee 
$41,900,000. to the above 
aa of ae (9) Unite, making « total 
estimated cost OLencccecsecccessnseceseecsGe lt peligtose00 


oy Potal Cost per HePess endabesvessbisceae 102 683 


Comparison of cont per He¥. of various capacities wntil ultimate capacity 
of development is reacheds | 


Li pGOO Gefese RE_gQOO Gelede 
Total Cape 460,000 Hels Botal Cape 660,000 Mel's 
250,000 HePs $173.08 por MePs 9287.09 por HePe 
450,000 HePs 8116016 por Hae $024.38 por Hele 


660,000 HePe ~— g202.82 per HeP. 
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Ta gonglagion, the authors make the following statexeuts » 
“In genersl we have to advise yous first, that while this is 
& large uidertaking it is im exeellent shape for early eonpletion; 
aeoomd, that G11 unknown eonditions and uncertainties of qoastrauc- 
tion have been eliminated; third, that the equipment le suitable; 
 Searth that we think the peak of inefficieay of lebor ani the 
| peok of prices ¢? material and labor have been rescked; and fifth, 
that with no umasual lobor > 
mi ll ef gost and dates of com 
| bk ih ek De mcmerngerel seek. im O11 ite phases, 
She coneeption end design is simple and effective and the construc 
tion work is beiug carried out with proper present-day eqaipnont 
amd in sn intelligent, capable way, with oredit to al] conuserned". 


piiitions, awl with meteriais proper- 
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& letter dated October 16th, 1920, signed by Pank A. Schoelikop?, 
‘President of The Niagara Falls Power Company, was addressed to the Hydiro- 
Mlestric Pover Comission for the attention of Sir Adam Beck, end dealt with 
the lowering of the water in the Grass Island Ghippew-Pool by diversions 

The letter covers Nd ill GR and was written in reply to 
& letter from the Commission under date of October bth, 1920. 

The Wiagars Falls Power Company state that elevation 559.5 (Hele? los 
datum) at Ghippowa 4s the lowest level of the pool unter which they oun safe~ 
ly and continuously divert the water allowed by Sroaty for power purposes 
upon the American side of the Falls. They are of the opinion that this level 
shovld be maintained by such remedial works as would meot the approval of the 
respective fovermments, snd of the power developing interests which have based 
their works upon the above entabliched Levels 
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A report dated October 26th, 1920, end revised to December 7th, 1920, 
signed by Re Ge Len, Of Re Se & We Be Low, consulting ONGINGITS » Montreal, 
was addressed to Sir Adam Beck, Chaimem, Sydro~siec rio Power Comission of 


aaah taal 
My. Richard 3. Loa, O,P.. nm in Prince Sdword Island im 1066, 
course of MeGill University 


graduated with honours in the otvil. me 
in 1890. for about twonty years tire Les devoted himself to municiys) prec 
tice in association with may well-mown American engineerse Re was for o 
time Professor of Civil Mnginsoring at HoGil}, smd he also tock @ special 
short course at the University of Combridge. Later, he established hinsel? 
im private practice with his brother, Er. W- @s Lea, im Montreal, doing an 
extomstve practice in mmiciyel and consulting wort, specializing more purt- 
iowlarly in hydraulic problems. Mr. Loa is s menber of Yhe Bnginesring In- 
_gbttute of Conada, of the Anerioum Society of Civil mnginears, snl of the 
Institution of Civil Enginsers of Great Britains 
tue origins report contains nine pages of typowritings and was mde i 

accordance with written instructions wider date of er 14th, 1920, to 
preyare & report on the following points: 
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(a) 


(3) 


{@) 


& diseussion of the water levels previously existing, 
nnd now sud hereafter capable of being maintained on 

. Jelané Pool, as s basis for estab. 
Luhing tie mater earning epusty ofthe power eu 


A @isouseion and report on the design of inteke propos- 
iar reference to the merita, if eny, it way have es ap- 
plied to the special conditions it is designed to meet, 


and as compared with other types of inteke which Mr. Lea 


dn opinion based on Mr. Lea's conclusions in regerd to 
the above as to the water carrying capacity of the power 
camal ae now designade | 


(G50) 


itr. Los first diseusses the river levels ond the effect of the diversion 
Of 154000 cubic foot per second, und reaches the oonelusion that the capacity 
of tho cunal should be based on on slevation of BB94B st the Ghiypere—dmss 
Islund Pool. | 
the expenditure involved in the construction of the inteke is justifiable in 
order to provide the best possible protection agninst the entrance of ide. 

Based on & river level et Ghippam of 689.5, Er. Lea states that he cols 
eulates the capacity of the ounal to be 15,600 oubic feet per second, or with 
8m Glevation of 559.0, shout 400 oubic feet per acoond less. 
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A report dated December 13th, 1921, was mais by Proncis Lee Stuart and 
‘fe Bs Korbangh, and addressed to Sir Adam Bedk, KsBe, Chairmen, The Hydro~ 
fhe engineering qulifications of itr. Stuart ond of Dire Kerbaugh have 
the oviginal reyort contains five pages of typewriting and was made. in 
eecordance with the requist of Sir Adam Back that the euthors inspect the work 
om the Quecnston-Shippess devolopaen x object of reporting 
on the quality of the work done, amd the actual progrese and cost im comection 
with the some. 
The authors etator~ 
“Briefly, we now finds (a) that tho adequacy of the 
design end the quality of woxtmunship has cone fully up 
to our anpectaticulits smd in the matter of quality has ac~« 
tually omsvoded thems (b) that titil the September ist 
schedule was discontinued in duly last, it had bee main~ 
tained within © clowo murginy despite great aud unforeseen 
aigticultys ond {e) that the coats atuen september ists 1920, 
have overruns 
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| The suthors found that at the time of the discontinusmos of the fast sched~ 

wie in duly, 1921, the earth excavation was aliead of schedule, while the rook 
excavation was behind the schedule. The shortage on rock excavation was as~ 

 eribed to ma wmexpeoted change ia the rock formation, and tho late delivery of 
Mew steam shovels ordered jn Geptewber, 1920. The steam shovels alse failed to 
‘perform the work that was confidently expaated of them, aa compared with the 
sheckeia turedha. of et enue, ehoe sad, quneval, faye. 

Tie authors atate that concrete work wos also behind schedule in July 

_ owing to the feilure of the originel Lining plants to funetion properly, ond 

: e the failure of the wTerey ag the requisite working space in 
ts rogerd te Coste, Intengible Items, Guantitios, Salvage, Power Capacity 
amd Conclusicn, the authors are so concise end definite that their statements 
ave given vartetin, as Zollowss~ 


“Under this head we my state briefly at the outset thet the major portion 
of the overrim on the September, 1920, estinate, my be ascribed, directly or 
indirectly, to the mexpested felling down of the steam shovels sad canal lin- 
ing plants. ‘he excess cost directly chargeable aguinst these factors is of 
ponsible, arising out of such conditions es (a) obstruction to the operation of 
other plants (b) irregulor and congested operation of railway and dumping ser- 
vice; (co! additional burden on power, water, air, drilling, blasting, superin- 
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tendence, engineering and other auxiliary services end overenda; ond (4) the 
neoossity of employing © working force at least 25% larger than would other~ 
 #A6 to specktic and ascertainable items of costs entering into the ox 
seas over the September, 1920 estimate, we find that they divide themeclves in~ 
to two general classes: (a) items of exeess cost arising out of conditions 
which were justifiably, wunforosem and moxpecteds and (b) items of excess cost 
arising out of conditions whieh were foreseen and appreciated from the begin- 
ning, tut which wore not seen in their true perspective as related to a 12 
wonths’ working schedule, which, to the best of onr knowledgs, wis quite tm- 
° ARE EDF or vmimown items wo may specify 
(2) = Abnorm accidents contingencies «s++§1,000,000200 
(2) + Change in character of the rodites ++ +.+98 800,000.00 
(3) ~ Gemont amd sendecsssccseesseseosennevel’ 350,000.00 
(4) = Labor ternoversssssorccsaccseseassseec® 6155900000 
(B) = Batra Plantessossenccceccescsans canes gg SSl, 407600 
(6) = Miscotiane , 


hOLATs saveeasesesevalabud geal ed 
GOPAlasouressnescnes oot yp tO 9854.00 
 #Etem Bos 1 covers losses arising ovt of fires of purely electrical ori- 
rounding these reverses were of a neture which did not previously come with- 
in the range of ovr experience. 
“tem How 2 covers our estimate of the excess costs arising out of the 
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rock work iu the cemal south of the whirlpool section. This vodk was heavy 
on top end thinly stratified undernesth, and was uli of gas pockets which 
geamed the drilis aui left the wells full of ridgee projecting out beyond 

‘the nest line. This condition enormously increased the cost of drilling, 
operation due to the imperfect breaking up of the rocke While there was suf- 
@icient finished yook cut at the north end upon which to base an estimate, the 
ing othr of Win wena anges Of te cana wus uss Rat the exvsir 
bh ony evidence of the marked diffter~ 


“Item Noe 3 covers the excess costs arising out of the wuiprecedented ine 
Grease in the cost of cement gor the year 1921 and the extra cost of purchas~ 


Qome mocessery as @ result of the failure of the origins 
to function as designeds 

“Item No. 4 is an item which we consider to be a very conservative os= 
The exployment records in yowr construction offiee show that during this period 
& contingency we had no reason whatever to anticipate in September, 1926, when 
the beginning of the serious memployment conditions which later developed, 
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"Ete Noe & covers various itexs of expenditure on plant which were the 
direct outcome of the mantioipated failure in respect of the steam excavet~ 
ing avd cma} Lining plants. The largest individual ites in this total was 
directly chargeable to the cost of re-~designing emi nearly dowbling the num 
wer of ining plants ac o result of the failure of the original plats and the 
failure of the steam excavating plant to mske good the required schedule in 
_. “Ever Noe 6 covers various suspense items which wore not or could not be 
ineorporated im the wit costs at the time of ow original investigations 
With the exeeption of one it gore aie however, sll those costs 
were of a nature which could & ovo ag being included in our contingency 
item wwler mormel circumstances. 
Oe link taal thle it healieit bie snide 
(a) “She setual operating loss on the steam shovels arising ovt of their 
"It was confidently expected that the greater speed and possibly greater — 
 “‘ power of these chovels would onsble them to overcome the handicag of tush cost, 
nd equal, if not exceod, the reconis of the electric shovels in the matter of 
yromustions ‘This eseumption proved to be erroneous, but at the same tine it 
mey be stated that there was no other possible option open in the matter of 
providing a type of plont more suitable for the work to be done. 
 (b) "the repair costs for the your ending August Sst, 1921, were more | 
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year's records wiler this head that we necessarily had to base our judguent, 

ond taking into consideration the large percentage of entirely new plant which 

wos placed on the work during the past your, we felt ourselves justified in 

not anticipating sny increase in the repaly costs which covld not heave bem 
 (e) "A heavy charge for overtize arose out of the fact that the steam 

plent, in spite of its nowess, was in constant nosed of repair, and also be~ 

gause the galling-off in the steam shovel production nesovaitated operation on 

Sundays and holidays at overting rates to make good the requixed schedules Nob 

only this, but it required of the alootrte essarsting ylenty 

and later of the concrete cor ye good the defioienay. fore <A 


(4) “there was a large direct exeass charge for labor which we hed mot —? 
anticipated and which, in owt opinion, arose simply by reason of the fuct that 
the unforesean necessity of intensifying the working schedule, through plont 
failure, made it obligatory to employ a much greater muber of men than would 
otherwise have been necessary. This latter condition would inevitably tend 
toward inefficiency and a loss of flexibility in the working force, which 
would fully seoowt for this excess cost, Such a condition would apply gen 
erally throughout the whole working orgmniuation. 

(eo) A large expenditure was inourred on various itema of construction 
plant end material which it was necessary to purchase on short notice to mest 
conditions arising for the most part owt of the weture of the rock, and the 
fatiure of the stows oxonvating ond censl Lining plants to operate as expectods 

“Phe item wundiexr this head might be considoared as being justifiably un | 
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soem, buh we ere including then weier the head of ordinary contingencies 
a ae thay would heave been covered by our contingency item under 
the total of the shove items wo esti- 


“here were also many conditions entering inte the work during the 
post eae ee ere Serer effect on cost, but which could not 
® appreieed im actwel figures. Among auch items might be mentioned the abe 
nommal cost of freight aft ax (dpop-Inddezect ive construction material. 
“Phase contitions wore the airect outcome of the war, ad the abnormal freight 
 ‘tari¢fe and exchange charges which come into effect during the past year, 
Stour Liemted a very miterial faster in construction cost.” 


gambit 
win the mtter of the qhantity of the various classes of metorisla 
moved sad pleased on the work, wo find a very close agreement detwoon the 
finished quantities ond the quantities used im the Septeber, 1920 estimate. 
Pm fact, If the unit prices used in that estimte ore eyplied agninst the ac- 
‘tus, messured ani ?inished quantities, there is om sotual saving on om gross 
 gatinate of noarly 41,000,000,08. 
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“Jo tiad thet pour wngineeres have written into the constiraction costs to 
date, 702 af the total pluut cost, including not only the infietion of value 
duving the war perledy bet a Liberal aliommee dor ordiuary depreciation. We 
ave of the opinion thet at iwast 01,200,000000 way Juatiziobiy be added te the 


"In the Septonber, 192 cs 8 50 contemplated on ultimnte pro- 
duetson of 480,000 HP. Pho high elas wowteneneh dp amd the refinements end ace 
guracy of the constriation fontures, which mindwise friction, snl are the fac~ 
tors controlling the rete of flow thronch the oma), will sive an incressed 
Gapneity, over that estimated im our report, of 50,000 Hal. or more.” 


"Prom our examination of the fate, we conelwied that while the romilts 
ehigh your augineers atued at ond workel for uy have cost mors than they or 
ouraskves anticipated, there is no dovbt in our minds, that im minteining the 
high class of wovtonnship the extra mmey wae woll mpent, ani that the axpende 
ture es 2 whole will be vindicated by the availability, In the whlic interest, 
of a large quantity of extra power at s price which will vitimetely be in sub- 
stantisl agreement with the September, 1920 estimate. 
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‘: Yor the purposes of disouss visory reports, or parts thereof, 
es Micah ali Ninh val destibtdauns tinite, (1) those dealing 
with the intake, (2) those dealing with hytraulic conditions, and (5) those 
dealing with genera] features and costs, Of the two latter classifications, 
a a ik lll a al ella pala tlle 
wore obtained in the early stages of the work, while the reminder were not 
i ar ils ii Mins asi alin Lt ls isan tie shits ties enladd. oan et 
_ Sdvenced in the matter of field work and dosigne 


The devign of the Intake was first token up in o conference betwoun the 

- enginears of tho Hydro-Wecuric Power Comission, Professor Re Be Angus and 
“Mire Groat, at Pitteburgh. Pollowing this conference the Intake @xperixents 

-9f 1918 were carried out i the Dufferin Islonds Chemmel. These experiments 
served to eliminate o fon-shaped Intake suggested by Mr. Groat, and te es 

“tablish, as feasible, on Intoke of approximately reotengular outline, and of 

 @ LMmited length ond width, but they were not conclusive in the selection of 


sm Oatober, 1928, Bre Re De Jotmson was asked to present his ideas on 
the dosign of the Intake. Ke wes furnished with the informetion alresdy gother~ 
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‘@a, ond on the Slat of dsamery, 1919, the Jobuson “Study” was eubultted. 

fhe Hytvo~Hlectric Gomaisaion then engaged hire Angus to take chorge of 
ihe : tions of the type suggested by Jolmson's "Study", end of another 
type devised by the engineers ef the Myire-Slestric Power Commission. Aguin 
_-husowapecasan aagpscesssbgplynpedearsialepiseasendatealicatie the oxperi~ 
ments were concluded. 

| the second series of experimenta proved the Jolson "Study” wmecessarily 

long, oni demonstrated that both types would be completely satisfactory in 
theiy diversion of the necessary water from the Magara River, with the com 
, . : tyiro-tlectric 


Power Gomaisaion Scheme”, ¢DRing 
in first cote 

"Gn Cotober S0th, 1919, Mrs Jotmeon was again consulted by the Hyéro-ilec~ 
trio Power Comission, and on March 1st, 1920, ho forwarded his “final do~ 
sige”, renodelled sal curtailed, "scoording to the result of the exporimmts 
of 3919". hia "inal deaiga” would compare more favorably as regerds first 
ctric Power Commission Scheme then the design subject- 
ed to experimental teat wler Sr. Ange in the sumer of 1919. 

he *finel design’ consists of « series of piers carrying a deck oni cur- 
ines fm each growp, 16 feet wide and of adjustable height, with a mexieam open- 
Spaced 100 feet apart, each tube being 675 feet long. the outer ends of the 
tubes are provided with slots for the entrance of the water for & length of 500 
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feet in each. At the inner end of each tube and downstream from the piers and 
curtein wall, a diffuser tube, 75 feet in length, is provided for spreading the 
flow miformly into the Welland River. 

in 1920 the "final design was submitted to Messrs. Hugh L. Cooper & Com 


pany who strongly condemned it on the ground of ummecessary expense, and re~ 
commended in its place a type of fixed boom for diverting the ice sway from the 
Welland River, at an estimated saving of two and three-quarter million dollars. 

In the fall of 1920 Mrs BR. Se Lea reported that in his opinion the expend- 
iture on the proposed intake was entirely justifiable owing to the improved con- 
ditions it would create anfing (he) winter \Goason. 

In carrying out the construction of the Intake, the Hydro-Zlectric Power 
Commission has now wdertaken the building of the piers and curtain wall re- 
ferred to above, together with the diffuser tubes, downstream, and 100 feet of 
the gathering tubes upstream therefrom, with the intention of ultimately com 
pleting the gathering tubes, if fowmd necessary. 


The first advisory report on hydraulic conditions was made by Kr. Johnson 
on February ist, 1917, who then dealt with the characteristics of the rock 
section of the canal, and made recommendations in regard to the shape of the 
canal section, and in regard to what elevation of the Ghippawa Pool should be 

- Used as a basis for caloulation, and finally in regard to provision for surges 
in the canale — 

Th April, 1917, Mr. Johnson made a second report, dealing with alternative 
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methods of carrying ont om ultimate develogent of 900,000 horse power, with 
particular reference to open canals and presswre twmels, with a recomenda- 
tion in fmvor of the lstter. This recommendation, however, wos withdrawn in 
& later report of dime ist, 1920. | 

A thisd report, dated July 20th, 1917, by ke Johnson, goes sonechat 
more fully into the hydraclio characteristics of the camel, deals with ice 

conditions, and makes certain recomendations with regard thereto. 

The elevation of the Ohippew: Pool 4s d@isoussed in reports by Mosurs. 
Hugh L» Gooper & Company, on August 7th ond October Zand, 19205 by are Be Se 
Jen. on Ootoder 26th, enn ol CEL. fells Power Company, through 
Mrs Schoelixopf, in a letter dated October éth, 1920. 

the recommmdstions end discussions will be doult with more fully in 


Chapter OF go “Power Availsble'. Wd 


ne ivet atrleuny wipeets with Wignid Ch eeet,’ ware ebtutned from ire 
las in Geptonber, 1917, sad dealt with estimates of mit costs tor vurm 
oun kinds of conetiruction works KMesare. Hugh Le Gooper & Company submitted 
estiontes of coot for verious projects wider date of Angnat Vth, 1920, In 
thoty Letter of transmittal of the same date, and in their final report, Ooto~ 
ber 22nd, 1920, they criticise various phases of the designs, methods of con 
struction ond management, snd make some recomendations in eomsection thererith. 
Hossrs, Yrencis Lee Stuart and Hs 5» Kerbaugh, unier date of Septentier 


SOth, 1920, disoussed the status of the work ond prepared detailed estimates of 


4 ‘ " ‘a 80H wth. ta ! is 
ro] 
bbe gcowng eo Got 08 ee 


ye ak he der anhorat worsens + et nn 0 a gear huey tans Co ae a 
Sia ath ko rte wt nah 


tly wa ee hand. 5: 


at 6B ott ge WBE shaete wemaeeD Sate aT 
arn rom atte i was Ahk 
“ne gLite etow atte diewh od 10h stetotomedh te v6 8 


Ai) 


it wort wctieto vee tubo at hug ste wibew gine reo, SERS: 
watt tet exam mobic aescommthn eager ait saat at tet 


. wont ser tat a ot 8a we ver 


WALTER J, FRANCIS & COMPANY. 


en 


Copy For ENCLOSURE To MRw J.s ALLAN ROSS, 


(C83) 


Gout, ond later, wiler date of December 12th, 1921, made a report on the gum 
weas and condition of the develoguent 


wg@ineers, ami the disposition thervof:.- 


Re De dolmmom, § (a) | | | 
Yobruary 1, 1917. suagevtion of hve & Seetent 
OF B CO Leveovsenceecssacnsconssshboptede 
(>) Yor basis of osloviations 


elevation 853 zor Chippawa 
Yook 4s ‘ _— MEMES tretwasenees ehhoptod in part 
® higher ctorstion was 


(o) Provision for a rise of 8 
fect in forebay due to surgodes+. adopted. 


Re De Johnson, {aj Adoption of & presawre tunel 
April 18, 1917 PROJOGbsecscercesesncenecensesseMO¥ adopted, and at 
later date kr. Johnson 
admits that canal pro- 
jeat ie prefercbles 


Botimates eoat at $4.56 por Phese excavation fig- 
Que whe for rock oxcavatiots....(ures wore not adopted 
00035 por one yl. for enrth ‘by the HelePsC. engine 
OROUVOET sc cc eeoncaseavaceeneeve! oere for the reacon 
06080 per ous yle for con- that they were based 
GRO ter arannressranceseccsesee om steam shovel pree~ 
(tice instead of on 
(electrical equipment. 
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